Haemophilus somnus is a gram-negative bacterium capable of causing a number of disease syndromes in cattle. This article describes the cloning and characterization of a gene coding for a 15,000-molecular-weight (15K) polypeptide which reacts.strongly with antiserum against H. somnus. Analysis of plasmid-encoded polypeptides by polyacrylamide gel electrophoresis showed that the corresponding gene is of the E. coli chromosome the gene encoding the stringent starvation protein (Ssp) is located (11), and its sequence has been determined (26) .
Haemophilus somnus is a gram-negative bacterium capable of causing a number of disease syndromes in cattle. This article describes the cloning and characterization of a gene coding for a 15 ,000-molecular-weight (15K) polypeptide which reacts.strongly with antiserum against H. somnus. Analysis of plasmid-encoded polypeptides by polyacrylamide gel electrophoresis showed that the corresponding gene is the second in a transcriptional unit. The first gene codes for a protein with a molecular weight of approximately 17,000. Using antiserum against the two recombinant proteins, we could show that the natural proteins are predominantly present in purified ribosomes from H. somnus. The nucleotide sequence of both genes and flanking regions has been determined, and the deduced amino acid sequence of the two polypeptides was used to search for sequence homology in the GenBank data base. The 15K polypeptide showed 89% similarity to the Escherichia coli ribosomal protein S9, and the 17K polypeptide showed 94% similarity to the E. coli ribosomal protein L13. In E. coli, the corresponding genes constitute a bicistronic operon, with the same gene order as that found in H. somnus. A plasmid expressing the 15K protein was found to complement an E. coli rpsl mutation. When a frameshift mutation was introduced into the 15K protein gene, the resulting plasmid failed to complement this rpsl mutation, demonstrating functional homology between the 15K protein and S9 from E. coli. Downstream from the 15K protein gene is located another open reading frame, which could code for a polypeptide with a predicted molecular weight of 24,427. A protein with a similar molecular weight was detected in minicells containing the recombinant clone. This polypeptide is 69% sinilar to the stringent starvation protein (Ssp) of E. coli.
The gram-negative bacterium Haemophilus somnus is a bovine pathogen associated with haemophilosis in cattle (4, 5, 16, 18) . Despite its economic importance, the biology of this organism is not well understood. A few genes encoding surface-exposed antigens have been cloned and partially characterized (6) . One of these antigens was found to bind immunoglobulins by a nonimmune interaction (6) . This protein belongs to a group of Fc receptors of H. somnus (31) . Another protein, a 40,000-molecular-weight outer membrane protein, was isolated and characterized by Gogolewski et al. (12) . In a passive protection experiment, these authors showed that H. somnus incubated with antibodies raised against this protein could no longer produce disease in an experimental animal model.
Investigations into ribosome structure and function have not yet been undertaken in H. somnus. In Escherichia coli, however, all ribosomal protein operons have been characterized, and the nucleotide or amino acid sequence of all 52 ribosomal proteins is known (3, 21) . Extensive sequence similarity between some of these proteins and their counterparts in other procaryotes (13, 14, 24) or eukaryotes (9, 25) has been demonstrated. The genes encoding the E. coli ribosomal proteins L13 (rplM) and S9 (rpsl) have been mapped on the chromosome (7, 8) , cloned, and sequenced (19) . The nucleotide sequence is indicative of a bicistronic operon with rpsI being the second gene. In the same region of the E. coli chromosome the gene encoding the stringent starvation protein (Ssp) is located (11) , and its sequence has been determined (26) .
In this study we report the cloning, sequencing, and functional characterization of a gene encoding a ribosomal protein of H. somnus, and we also characterize the adjacent chromosomal loci.
MATERIALS AND METHODS
Bacterial strains, plasmids, and growth conditions. E. col JM105 [endAl thi rpsL sbcB15 hsdR4 A(lac-proAB) (F' traD36 proAB+ lacIq ZAM15)] and BD1854 (minA minB thi rpsL his lac mtl man mal xyl tonA) were from the laboratory collection; DH1 (hsdRJ7 recAl endAl gyrA96 thi-J supE44) and MM9017 (hsdRl7 recAl endAl gyrA96 thi-1 supE44 rpsI17) are from E. R. Dabbs. MM9017 has a cold-sensitive phenotype and will not grow at 20°C (17) . This strain and its derivatives were routinely grown at 37°C. E. coli strains were grown in Luria broth or M9 (23 H. somnus antigens by the colony blot method (10) using bovine antiserum against HS25. The nitrocellulose filters used for the colony lift had been presoaked in a 10 mM IPTG (isopropyl--D-thiogalactopyranoside) solution in order to induce transcription originating from the tac promoter prior to cell lysis.
DNA techniques. Restriction enzymes, Klenow fragment of E. coli DNA polymerase I, and T4 DNA ligase were used as recommended by the supplier (Pharmacia). The DNA sequence has been determined on both strands by the chain termination method, essentially as described by Messing (22) .
PAGE and immunoblotting. SDS-polyacrylamide gel electrophoresis (PAGE) of H. somnus and E. coli proteins was performed in the Laemmli system (20) . Proteins were electroblotted onto nitrocellulose membranes as recommended by the supplier (Bio-Rad). Blots were incubated with antiserum diluted 1:500 with TBS (10 mM Tris-Cl, pH 7.5, 140 mM NaCl-1% bovine serum albumin (BSA) for two hours. The antiserum used was bovine hyperimmune serum against live H. somnus HS25 obtained from two calves that had been inoculated subcutaneously three times at 2-week intervals until they demonstrated high serum antibody levels to HS25 or was mouse serum against a preparation of the 17,000- Fig. 3 (Fig. 1A) . The 32P-labelled 3,900-bp BglII-NcoI fragment of pMS25 hybridized to genomic DNA obtained from 15 independent H. somnus isolates but failed to hybridize to E. coli DNA (data not shown). The data presented in Fig. 2A show that strain JM105/pMS25 greatly overproduces two recombinant proteins when IPTG is added to the growth medium. The relative molecular weights are 17,000 and 15,000, respectively. Only the 15K protein reacts with H. somnus antiserum (Fig. 2B) .
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Analysis of plasmid-encoded proteins. An NcoI site (NcoIa) is located 800 bp downstream of the tac promoter. Deleting the DNA sequence between this site and the NcoI site of pGH433 generated plasmid pMS46 (Fig. 1A) downstream of or spans NcoIa (Fig. 1A) . The plasmids pMS25, pMS46, and pGH433 were introduced into the minicell-producing strain BD1854, and plasmid-encoded polypeptides were analyzed in minicells by labelling with 35S-methionine and subsequent PAGE. From the data presented in Fig. 1B , it appears that in addition to the vectorencoded polypeptides, plasmid pMS25 directs the synthesis of two polypeptides with molecular weights of 19,000 and 24,000 (lane 1). Upon induction of the tac promoter, two 17K and 15K polypeptides are synthesized (lane 2). Only the 17K polypeptide and a smaller, approximately 9K polypeptide are synthesized by pMS46 (lane 3). The synthesis of both of these polypeptides depends on induction of the tac promoter, indicating that the 9K polypeptide is a truncated version of the 15K polypeptide (data not shown). Also, it is evident that the genes for the two larger polypeptides must be located downstream of the NcoIa site, since they are not encoded on plasmid pMS46. Moreover, since the deletion plasmid pMS46 encodes the full-length 17K polypeptide and since this protein and the truncated version of the 15K polypeptide are transcribed from the tac promoter, the corresponding two genes must constitute a single transcriptional unit, with the gene for the 15K polypeptide being second.
Nucleotide sequence of the 15K-protein gene and flanking regions. Figure 3 shows the nucleotide sequence of the region containing the genes for the 17K and 15K polypeptides. The DNA sequence contains three open reading frames (ORFs). One is located upstream of the NcoI site, starting with an ATG codon at positions 61 to 63 and terminating with a TAA stopcodon at positions 487 to 489. This ORF would encode a polypeptide with a predicted molecular weight of 15,972, which corresponds well to that of the 17K polypeptide as determined in minicells containing plasmid pMS25. Transversing the NcoI site is another ORF, which starts at position 506 and ends at position 894 in Fig.  3 . This ORF encodes a polypeptide with a predicted molecular weight of 14,724. This ORF encodes the 15K product, since cutting the DNA with NcoI results in the synthesis of a truncated polypeptide with a molecular weight similar to that of the predicted polypeptide.
Downstream of these two ORFs is a third ORF beginning Strains DH1 and MM9017, containing plasmid pMS25, were grown at 37 or 20°C in Luria broth supplemented with the specified amounts of IPTG. K is lltd, where td is the doubling time. Each value is an average of three independent measurements, which did not deviate more than 10% from each other.
at position 1041 and ending at position 1677. This ORF could encode a polypeptide with a molecular weight of 24,427. A protein with a similar molecular weight was observed in minicells containing pMS25. Analysis of the ORFs. In order to further characterize the three polypeptides, the deduced amino acid sequences were used to search for sequence similarity with protein sequences compiled in GenBank release 65. Similarities in primary structure are revealed by the amino acid alignments shown in Fig. 4 Complementation of an E. coil IpsI mutation. To investigate the functional homology between the S9 ribosomal proteins from H. somnus and E. coli, plasmid pMS25 was transformed into both MM9017, a cold-sensitive E. coli rpsI mutant, and the isogenic wild-type strain DH1. Because the expression of the H. somnus rpIM-rpsI operon is controlled by transcription originating from the tac promoter, the levels of S9 synthesis can be adjusted by the concentration of IPTG. Therefore, the two strains were grown at 37 and at 20°C in Luria broth containing specific amounts of IPTG. Several points can be drawn from the data presented in Fig.  6 : (i) strains DH1/pMS25 and MM9017/pMS25 grow at approximately equal rates at 37°C, (ii) at 20°C without IPTG in the growth medium, DH1/pMS25 grows with a 10-foldreduced rate whereas MM9017/pMS25 does not grow at all, and (iii) this lack of growth is overcome by the addition of increasing amounts of IPTG until, at a concentration of 15 ,M, the growth rate of the mutant strain equals that of the wild-type strain. (Fig. 6) . A derivative of plasmid pMS25, pMS91 (Fig. 1A) , which contains a frameshift mutation in the 15K-protein gene ( Fig. 3 to the 3' end of the putative rho-independent transcriptional terminator (positions 61 to 950 in Fig. 3 ), there is 72% similarity, indicating that the structure of the entire operon has been conserved between the two organisms. Moreover, translation of the two genes may be coupled in both organisms since the stop codon of rplM is separated from the start codon of rpsl by only 16 nucleotides. As seen for other translationally coupled ribosomal protein genes, a putative ribosome binding site is located in the intercistronic region (2, 28 
DISCUSSION

